BACKGROUND: Incremental cost-effectiveness ratios (ICERs) of finasteride for prostate cancer prevention are consistent with estimates beyond $100 000 per quality-adjusted life-year (QALY). The majority of these analyses are based on chemoprevention starting in men aged 50--55 years. We sought to evaluate the impact of varying both age at commencement of therapy and length of therapy on the cost-effectiveness of finasteride. METHODS: A probabilistic Markov model was designed to estimate lifetime prostate health-related costs and quality-adjusted survival for men receiving or not receiving chemoprevention with finasteride. ICERs across scenarios varying age at start of therapy and duration of chemoprevention were compared. RESULTS: The ICER for men starting chemoprevention at age 50 and continuing to age 75 was $88 800 per QALY when assuming finasteride causes a constant risk reduction across all tumor grades (base case 1) and $142 300 per QALY when assuming a differential treatment effect according to Gleason score (base case 2). When starting age is increased, the ICERs trend downward and nadir at 65 years to $64 700 per QALY (base case 1) and $118 600 per QALY (base case 2). Altering duration of therapy had minimal impact. Patient-level experiences with finasteride and BPH significantly influenced the cost-effectiveness of chemoprevention. CONCLUSIONS: Initiating chemoprevention at ages when prostate cancer incidence is higher improves its cost-effectiveness profile. Only when assuming a constant risk reduction for all tumor grades, did finasteride fall below $100 000 per QALY, but this finding was not upheld when accounting for side effects associated with the drug.
INTRODUCTION
In 2003, the Prostate Cancer Prevention Trial revealed that finasteride was an effective agent for prostate cancer chemoprevention, reducing the 7-year prevalence of prostate cancer by 24.8%. 1 This landmark finding generated much discussion over the societal implications of using finasteride as a chemopreventative agent for prostate cancer. One particular focus revolves around the question of whether it would be a cost-effective strategy to provide treatment for all men.
The majority of cost-effectiveness studies have shown that widespread utilization of finasteride for prostate cancer chemoprevention is not an economically sound strategy. Initial analyses found that each additional year of survival gained with use of finasteride would cost $1.1 million to 1.7 million. 2--4 Even after incorporating the impact of chemoprevention on quality of life associated with lower rates of BPH, the cost-effectiveness of finasteride, although improved, largely remained above commonly cited willingness-to-pay thresholds of $50 000 to 100 000 per life year saved. 5--7 The willingness-to-pay threshold is the amount of money that society has deemed acceptable to pay for one additional year of life in good health. These analyses showed that the incremental cost-effective ratio (ICER), a ratio of the incremental costs relative to the incremental benefits afforded by a therapeutic treatment, ranged from $89 000 to 130 000 per quality-adjusted life-year (QALY). 4, 8, 9 The QALY is a function of survival and health-related quality of life added by an intervention.
Overall, these studies had assumed that men initiated finasteride at age 50--55 and continued treatment for 10--30 years or until development of prostate cancer or death from other causes.
Although the use of finasteride in all men has proven not to be an economically attractive approach, targeting its use to higherrisk groups may be more reasonable. 10 Reed et al. 9 found that when positive family history and/or higher number of inherited risk alleles for prostate cancer were incorporated, a lower ICER for finasteride could be achieved by targeting higher-risk men. Earnshaw et al. 10 found that limiting chemoprovention to men with other risk factors such as abnormal digital rectal exam, positive family history or elevated PSA markedly improved the cost-effectiveness of chemoprevention with 5-a-reductase inhibitors. However, if a population-wide chemoprevention strategy is a goal, there may be efficiency gains in delaying chemoprevention until men are at higher risk for prostate cancer or shortening the duration of treatment. Thus, we investigated the cost-effectiveness of using finasteride across scenarios in which we varied both age at start of therapy and duration of chemoprevention.
MATERIALS AND METHODS
The study design is a cost-effectiveness analysis conducted from a healthcare system perspective. A probabilistic Markov computer simulation model, developed by Reed et al., 9 was used to estimate lifetime prostate health-related costs and quality-adjusted survival for men receiving or not receiving chemoprevention with finasteride.
Base assumptions
The Markov model represents eight distinct health states. During each annual cycle, patients could remain cancer free, die from other causes or develop prostate cancer ( Figure 1 ). Distributions of cancer grades were derived from the Prostate Cancer Prevention Trial. 1 Two base-case analyses were created to account for differences in treatment effects with finasteride. The first base-case analysis (base case 1) reflects a constant risk reduction across all tumor grades of 24.8% when men are treated with finasteride. The second base-case analysis (base case 2) incorporates the influence of tumor grade-specific treatment effects with finasteride, where the risk of low-grade tumors are decreased by 38.2% and the risk of intermediate-and high-grade tumors are increased by 23% and 67%, respectively.
1 Each treatment effect, when evaluated, remained constant throughout the duration of chemoprevention with finasteride although the risk of developing prostate cancer varied with age.
If patients developed prostate cancer, they were assumed to undergo prostatectomy. Patients who progressed to biochemical recurrence or metastatic disease were assumed to be treated with androgen deprivation therapy. Transition rates to biochemical recurrence, metastatic disease and death were based on validated nomograms 11 and literature reports concerning the natural history of prostate cancer following radical prostatectomy 12 and use of androgen deprivation treatment (Table 1 ).
14 Patients, not treated with finasteride, who developed BPH were treated with alpha-blockers.
Costs, health state disutilities and cost-effectiveness ratios
Medical costs associated with prostate cancer care from diagnosis to death were based on a recent cost analysis of cancer care in elderly patients (Table 1) . 15 The report by Stewart et al. 14 provided the basis for the utility weights applied to represent quality of life experienced by men with prostate cancer or BPH (Table 2) . A 3% annual discount rate was applied to all future costs and survival years. Monte Carlo simulations provided the distributions to derive the 95% confidence intervals (CIs) for the ICERs.
To determine the most efficient age at which to initiate chemotherapy and treatment duration from a cost-effectiveness perspective, we generated ICERs when initiating finasteride at the age of 50 until 70 years, using 5-year increments, and the duration of chemoprevention using 5-year increments up to the age of 75. This cut point was chosen based on the US Preventive Services Task Force recommendation to discontinue screening for prostate cancer in men older than 75 as the harms of screening past this age outweigh the benefits. 16, 17 Sensitivity analyses were performed using both base-case analyses to evaluate the impact of individual model parameters and assumptions.
RESULTS
In our model, the average man at age 50 years has a (remaining) lifetime risk of prostate cancer of 16.1%. Starting finasteride for chemoprevention at this age, and continuing until age 75, reduced the lifetime risk of prostate cancer to 13.7% when assuming that finasteride exerts a constant risk reduction across all tumor grades (base case 1) and a 14.5% lifetime risk when assuming finasteride exerts a differential treatment effect on tumor grades (base case 2). The estimated mean number of QALYs for men starting chemoprevention at age 50 and continuing treatment until age 75 years was estimated as 17.958 (discounted) at a cost of $13 700 (discounted) per person in base case 1 and 17.921 (discounted) at a cost of $14 000 (discounted) per person in base case 2. In men not receiving finasteride, the discounted mean number of QALYs was 17.855 at a cost of $4602 per person. Thus, in base case 1, use of finasteride as chemoprevention starting at age 50 and continuing treatment for 25 years resulted in a gain of 102 QALYs per 1000 men (95% CI: 58.6--149.6) and an ICER of $88 800 per QALY (95% CI: 59 900--159 300). In base case 2, use of finasteride starting at age of 50 and continuing for 25 years resulted in a gain of 65.8 QALYs per 1000 men (95% CI: 31.4--107.1) and an ICER of $142 300 per QALY (95% CI: 86 400--294 000).
Influence of starting age and duration of therapy In both base-case analyses, when age at start of therapy is increased beyond age 50, the ICERs initially trend downward (Figure 2) , and nadir at an age of 65 years to $64 700 per QALY (base case 1: constant risk reduction) and $118 600 per QALY (base case 2: differential treatment effect). As age at start of therapy increases, the absolute gain in discounted QALYs saved consistently declines. The cost-effectiveness of chemoprevention improves, however, because incremental costs associated with chemoprevention decrease as the age at initiation is delayed. When duration of therapy is also altered, ICERs o$100 000 per QALY were only realized when using a constant risk reduction for finasteride, base case 1. Here, the most cost-effective strategies Sensitivity analysis Alteration of utility weights and cost parameters for base case 2, even with the most optimal age and duration strategy, consistently resulted in ICERs 4$100 000 per QALY (data not shown). However, changing these parameters for base case 1, using a starting age of 65 and duration of therapy of 10 years, resulted in some scenarios where the ICER of finasteride fell below $50 000 (Figure 4 ). For example, when increasing the disutility of BPH to 0.1 from the base-case assumption of 0.05, the ICER for chemoprevention dropped to $48 900 per QALY. However, if no disutility for BPH is assumed (utility of 1.0), then the ICER for chemoprevention with finasteride increases to $95 600 per QALY.
On the other hand, applying a disutility of 0.01 for finasteride, thereby giving some influence to the drug's side effect profile, caused a dramatic shift in the results with a net reduction in the expected QALYs with chemoprevention compared with no chemoprevention (À34 per 1000 men). Given that expected costs with chemoprevention remained higher, this represented a scenario in which chemoprevention with finasteride was ages for initiation and duration of therapy when assuming that finasteride had a differential treatment effect on tumor grade. Only when assuming a constant risk reduction across all tumor grades were ICERs o$100 000 per QALY. With this assumption, chemoprevention was most cost-effective when therapy was delayed until men were at a higher risk for prostate cancer. Varying the starting age had more impact on the ICER than varying the duration of therapy. For example, delaying the initiation of chemoprevention from age 50 until age 65, using a constant risk reduction for finasteride, resulted in the corresponding ICERs dropping from $132 000 per QALY to 64 000 per QALY when duration of therapy was 5 years. Prolonging therapy to 10 years when starting at the age of 65 induced little change in the ICER as gains in quality-adjusted survival were commensurate with costs associated with chemoprevention over the longer time period. Overall, these results show that the cost-effectiveness of finasteride can improve when initiated at ages when the incidence of prostate cancer is the highest and duration of use is relatively short. This finding is consistent with analyses that evaluate the cost-effectiveness of chemoprevention in men at higher risk of developing prostate cancer. 9,18--20 When assuming a constant risk reduction across all tumor grades, the strategy of starting chemoprevention at age 65 and continuing until age 75 was one of the most cost-effective approaches identified. However, even with this strategy, the upper limit of the corresponding 95% CI (95% CI: $45 700--111 800) still extends beyond the willingness-to-pay threshold of $100 000 per QALY. Some of the uncertainty stems from variability associated with the utility weights assigned to adjust for differences in quality of life. When holding the utility weights constant, the 95% CI ranged from $49 000 to 98 400 per QALY. Thus, for decision makers who want greater certainty that the ICER is o$100 000 per QALY, greater precision about the quality of life experienced by men receiving chemoprevention and men with prostate cancer is needed. Our sensitivity analysis showed that the ICER of finasteride was greatly influenced by changes in utility weights associated with BPH and receipt of finasteride. The most dramatic impact occurred when assuming that men receiving finasteride experienced a disutility with treatment. With just a 0.01 disutility assigned to represent potential side effects with finasteride, chemoprevention was expected to provide fewer QALYs than no chemoprevention. This is an important finding as finasteride has been associated with higher rates of erectile dysfunction, abnormal ejaculation and breast enlargement than placebo. 1 The impact of drug-associated disutility has also been found to be highly influential on the cost-effectiveness of tamoxifen as chemoprevention in breast cancer. 21 Additionally, placement of a greater disutility on BPH symptoms (that is, À0.1), resulted in the ICER of finasteride falling below $50 000 per QALY. Thus, depending on patient-level experiences with the drug and its effectiveness in controlling clinically significant BPH, the costeffectiveness of finasteride can markedly improve. Recently, finasteride has been found to reduce the risk of clinically incident BPH in asymptomatic men by 40%. 22 This effect was represented in our model. Finally, in our model, we assumed that men undergo radical prostatectomy following a prostate cancer diagnosis. We acknowledge that this may not represent treatment preferences for many men. However, we found that varying the cost of primary prostate cancer treatment induced relatively small changes in the cost-effectiveness of finasteride.
One other issue that could influence the cost-effectiveness of chemoprevention is the difference in prostate cancer screening that may occur between patients who receive chemoprevention and those who do not. As there continues to be much discussion surrounding the relationship of finasteride and development of high-grade prostate cancer, 23--26 it is possible that in practice patients taking finasteride may be more frequently screened with PSA tests and prostate biopsies. The potential of more frequent PSA lab draws and prostate biopsies in the chemoprevention group would undoubtedly impose a certain degree of disutility for patients taking finasteride, increase costs and potentially increase the detection of prostate cancer. However, without data on the increase in frequency of screening and the degree of disutility generated, we could not incorporate this potential effect into the model.
CONCLUSIONS
Based on our model, a population-based prostate cancer chemoprevention strategy would not generally be considered cost-effective (that is, ICERs 4$100 000 per QALY) when assuming that finasteride causes a differential treatment effect on tumor grades. With a willingness-to-pay threshold of $100 000 per QALY, only when applying a constant risk reduction across all tumor grades could chemoprevention with finasteride be considered cost-effective. Delaying chemoprevention until men are at the ages when the incidence of prostate cancer is higher could provide a more efficient strategy for a populationwide chemoprevention program. Nevertheless, consideration of patient-level experiences with finasteride and BPH will ultimately guide personalized risk--benefit decisions for initiating chemoprevention. As shown in our analyses, the cost-effectiveness of chemoprevention will become more attractive if it is more often prescribed for men at higher risk of developing prostate cancer, in men with BPH and in men who do not experience significant side effects associated with finasteride.
